Several recent reports have found a high prevalence of vitamin D deficiency in the adult British population. The present paper investigates the associations of low income/material deprivation and other predictors of serum 25-hydroxyvitamin D (25(OH)D) status in two surveys: The National Diet and Nutrition Survey (NDNS) of the population aged 19 -64 years in mainland Britain and the Low Income Diet and Nutrition Survey (LIDNS) of adults aged $19 years in all regions of the UK who were screened to identify low-income/materially deprived households. A valid serum 25(OH)D sample was obtained in 1297 and 792 participants from the NDNS and LDNS respectively. The NDNS participants who were not receiving benefits (n 1054) had a mean 25(OH)D of 50·1 nmol/l, which was higher than among NDNS participants receiving benefits (n 243) with a mean 25(OH)D of 43·0 nmol/l (P, 0·001) and the LIDNS sample (46·5 nmol/l; P,0·05). For all three samples, the season of drawing blood, skin colour, dietary intake of vitamin D, and intake of dietary supplements were significant predictors (P, 0·05) of serum 25(OH)D status in mutually adjusted regression models. National prevention and treatments strategies of poor vitamin D status need to be targeted to include the adult population, particularly deprived populations, in addition to the elderly and ethnic minorities.
Sufficient vitamin D is crucial for good bone health, but increasing evidence suggests that it may also play an important role in the prevention of diabetes, cancers, heart disease and other non-communicable diseases (1, 2) . Vitamin D in the form of cholecalciferol is generated in the skin when exposed to daylight. The amount produced depends particularly on the wavelength and strength of the light and the individual's skin colour (2) . Low endogenous production during winter months can be compensated for by dietary intake and supplement use, but vitamin D intake is presently low in Britain (3) . Vitamin D deficiency has primarily been addressed as a problem among the elderly (2) , children (4, 5) and ethnic minorities (6, 7) . However, two recent surveys of British adults, The National Diet and Nutrition Survey (NDNS) of adults aged 19-64 years (3) and the 1958 British birth cohort (8) , both report that approximately 15 % of the population had serum 25-hydroxyvitamin D (25(OH)D) levels below 25 nmol/l (indicating deficiency) (9) . The estimated prevalence of deficiency was somewhat higher in the Low Income Diet and Nutrition Survey (LIDNS), with 23 % of adult men and 18 % of women being below the reference (10) . The aim of the present paper was to examine the influence of low income/material deprivation on vitamin D status and investigate predictors of 25(OH)D status using data from the NDNS of adults aged 19-64 years and the adult population of LIDNS ($19 years).
Methods

Samples
The LIDNS sample selection followed a multi-staged clustered design using all regions of the UK. The target population was the 15 % most deprived households in the UK and participants were selected based on screening questions aimed at identifying low-income or materially deprived households (combination of questions regarding, for instance, type of housing, car ownership, employment status, receipt of certain benefits or pensions). Up to two respondents (one adult and one child) were selected from a household, excluding pregnant women. Data were collected during 2003-5. Participants aged $ 19 years consisted of 1048 men and 2019 women. Of these, 96 % started the individual questionnaire or the first of four dietary recalls. Ninety percent agreed to be visited by a nurse, 81 % were successfully revisited and 51 % (both sexes) provided a blood sample. A valid serum 25(OH)D sample was obtained from 246 men and 546 women (10) . The NDNS sample was selected using a multistage random probability design using all postal sectors within mainland Britain. Eligibility was defined as being aged 19-64 years and not pregnant or breast-feeding. One eligible adult per household was selected at random. Data were collected during 2000 and 2001 (3) . Of the 3704 eligible respondents, 61 % completed the dietary interview. Participants were asked to provide further measurements, including anthropometry, blood pressure and a urine sample. Blood samples were obtained in 61 % of men and 59 % of women in the dietary sample. A valid serum 25(OH)D sample was obtained from 592 men and 705 women (11, 12) .
Blood collection and analysis
Blood samples were collected non-fasted and analysed for serum 25(OH)D by the DiaSorin Kit (DiaSorin Inc., Stillwater, MN, USA) for both the NDNS and LIDNS. The laboratories performing the 25(OH)D analyses took part in the Vitamin D External Quality Assessment Scheme. In these surveys there was no significant change in the assay's performance throughout its use as assessed from quality-assurance parameters (10, 11) .
Anthropometry and other covariates
In both studies, interviewers collected data on sociodemographic aspects (including age, sex, ethnicity, region of residence, and season of data collection) and health behaviours (including the intake of vitamin supplements). Height and weight measurements were taken in light clothing without shoes, and BMI (kg/m 2 ) was calculated. Dietary vitamin D intakes were obtained from four 24 h recalls on random days (including at least one weekend day) in the LIDNS sample (10) and by 7 d weighed dietary records in the NDNS sample (11) .
Statistical analyses
Simple and multiple regression analyses were used to model the relationships between serum 25(OH)D as a continuous outcome measure and covariates including age group, ethnicity, sex, region of residence, dietary intake, and dietary supplement use. For the NDNS sample, significant interactions were found for benefit status and season of data collection, BMI, ethnicity, dietary vitamin D intake, and supplement use (P, 0·01). Therefore the NDNS sample was divided into those receiving benefits (NDNS B ) and those who did not (NDNS NB ). To assess if the predictors of serum 25(OH)D in the LIDNS sample were similar to those in other lowincome groups, analysis was carried out separately for the three samples, LIDNS, NDNS B , and NDNS NB . Descriptive statistics were weighted to correct for the sampling probabilities and non-response in the two surveys (10, 11) . For all the three samples, the 'skewness index' for the distribution of serum 25(OH)D was between 0·5 and 0·8 samples, and hence there was no need to transform the variable before analysis.
Results
Participants in the NDNS NB sample had a mean 25(OH)D of 50·1 nmol/l, which was significantly higher than among the NDNS B sample (43·0 nmol/l; P,0·001) and the LIDNS sample (46·5 nmol/l; P, 0·05). There was no significant difference between the two latter samples. The mean serum 25(OH)D concentrations were not significantly different between men and women within each of the three samples, nor across age groups. There was a marked seasonal variation in all three populations, with the mean levels being approximately 50 % higher for blood samples collected in July -September compared with January -March. Serum 25(OH)D concentrations were also strongly associated with ethnic group and supplement use in the expected manner. In all three samples dietary vitamin D intake (three levels) was associated with serum 25(OH)D levels. The proportion of individuals taking vitamin supplements was significantly higher in the NDNS B (42·1 %; P,0·001) in comparison with the LIDNS (17·1 %) and NDNS NB sample (25·1 %; Table 1) , and in all samples supplement use was strongly associated with serum 25(OH)D levels.
For all three samples, having a blood sample drawn in the summer, being light skinned, having higher dietary vitamin D intake and taking vitamin supplements were factors significantly associated with higher serum 25(OH)D levels in the fully adjusted analyses ( Table 2 ). There was a inverse association between serum 25(OH)D status and BMI only in the LIDNS sample. Area of residence was only significant for the NDNS NB sample where those living in Scotland had the lowest vitamin D status. The relationship between 25(OH)D and household composition was inconsistent between the samples. Sex and age group did not show significant associations with serum 25(OH)D concentrations (data not shown), and were not presented in the final models.
Discussion
The present study shows that the low-income/materially deprived population in Britain has lower vitamin D status than the general population. Both the NDNS and the LIDNS surveys were designed to give a representative picture of the nutritional status of the population groups examined. In both surveys, the blood samples were taken after dietary assessments at a separate visit by a nurse. The participants were asked to comply with several measurements in addition to giving blood, which may have contributed to the lower response rate. However, specific statistical weighting was used to attempt to correct for the non-response in addition to unequal sample selection (10, 11) . The factors shown to affect vitamin D status, i.e. season (light levels), skin type, dietary intake of vitamin D, and intake of dietary supplements, apply to all three samples independently. The question on supplement use was not specified on vitamin D content, and can to some extent reflect that supplement users have a generally healthier diet and lifestyle.
The current UK recommendation advises a daily vitamin D intake of 10 mg (400 IU) to be taken among those aged over 65 years (2) . However, the long-term compliance with intake of supplements for larger population groups can be questioned (13) . Given the emerging evidence on possible wider health benefits of good vitamin D status and the several studies indicating insufficient vitamin D status across all age groups, it is timely to have a debate on whether there should be more widespread fortification of vitamin D in food (14, 15) . The national prevention and treatment strategies of vitamin D deficiency and sub-optimal status need to be targeted to include the adult population and the deprived populations particularly, as well as the elderly and ethnic minority populations. Mean value was significantly different from that for the NDNS sample not receiving benefits: *P,0·05, **P,0·001. † Test for a linear trend. ‡ Different regional grouping in the two studies as the NDNS was carried out only in mainland Britain. § Test for heterogeneity. k NDNS: a, living alone; b, with spouse or partner, other adults, no dependent children; c, with dependent children, no spouse; d, with dependent children, with spouse. LIDNS: a, one adult of working age or one adult of retirement age; b, two or more adults, at least one of working age or two or more adults, all of retirement age; c, one adult, one or more children; d, two or more adults, one or more children. { In thirds. For the NDNS, the vitamin D intake (mg/d) range for those who received benefits is 0·18-1·67, 1·70 -2·78 and 2·79-26·84 for the lowest, middle and highest thirds respectively; the vitamin D intake (mg/d) range for those not receiving benefits is 0·04-2·22, 2·22-3·73 and 3·70-22·10 for the lowest, middle and highest thirds respectively.
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